It is a well-known fact that inner ear diseases are often caused by microcirculatory disorders, and the recent literature is oriented towards investigations into the relationship between the cardiovascular system and cochleovestibular illness with related classical symptoms: tinnitus, hearing loss, and vertigo or instability. These symptoms, and particularly the vertigo, may be the alarm signal of microcirculatory disorders of the labyrinth or vertebrobasilar circulation so as to represent a possible symptom of posterior circulation stroke. The treatment aimed at correcting the haemodynamic and metabolic imbalance, generated by the cochleovestibular microcirculatory disorders, with drugs that act on the vessel wall being very useful, both alone and in combination with other treatment protocols. This is a multicenter retrospective observational study conducted in 40 neurootological laboratories with 873 patients with cardiovascular risk factors suffering from tinnitus, instability or peripheral vertigo alone or in combination with one another treated for the first time with mesoglycan. The data collected showed that the treatment with mesoglycan, irrespective of the type of vascular risk factor, is not only well tolerated but also significantly and objectively improves the cochleovestibular symptoms and the quality of life of patients suffering from tinnitus, peripheral vertigo and instability.
Introduction
The inner ear diseases are often caused by microcirculatory disorders. 1 The anatomical structure of the inner ear is a terminal system closely dependent on the cochlear perfusion pressure. The mean arterial pressure reduction may cause a state of hypoxia in the inner ear and the related endothelial damage 2 can lead to metabolic damage in the cochlear cells and thus to the classical cochleovestibular symptoms: tinnitus, hearing loss, and vertigo or instability. Tinnitus may be a disabling symptom 3 and in the adult and senile population reaches a prevalence of 15%. 4 It has often been microcirculatory disorders of the inner ear. 5 Peripheral vertigo and dizziness may be the possible symptoms of posterior circulation stroke 6 and affect 7 33% of the general population, 8 and the most frequent causes in the adult are benign paroxysmal positional vertigo (BPPV), migraine-associated vertigo, vestibular neuritis, endolymphatic hydrops and vascular disorders. 9 From the evidence in the literature, it is clear that a treatment aimed at correcting the haemodynamic and metabolic imbalances at the origin of the cochleovestibular microcirculatory disorder with drugs that act on the circulating blood and the vessel wall being very useful, both alone and in combination with other treatment protocols. 7 The drug that presents these characteristics is mesoglycan, essential constituents of the endothelium and the vessel walls with an antithrombotic function. This work comes from the GliCoVer2 study, an Italian multicenter retrospective observational study conducted in 40 neurootological laboratories, to assess the clinical efficacy and safety of administering mesoglycan orally to patients suffering from tinnitus, vertigo and/ or instability.
Materials and methods
It is a retrospective observational study with no control group. The population studied was patients with cardiovascular risk factors suffering from tinnitus, instability or peripheral vertigo alone or in combination with one another treated for the first time with mesoglycan. Patients suffering from gastric ulcer, haemorrhagic diathesis, under oral anticoagulant therapy (OAT) and women who are or may be pregnant were excluded. Moreover, we excluded patients with dizziness caused by Meniére disease or started after sudden deafness. Informed consent was obtained from each participant after a full explanation of the study in accordance with the Declaration of Helsinki. All patients had been treated with two oral doses of 50 mg of mesoglycan per day for 90 days. The patients had also been reassessed after 30 (visit 2), 60 (visit 3) and 90 days (final visit).
All patients at each visit had been subjected to pure tone audiometry. At the first visit, demographical data were collected together with information about the presence of vascular risk factors and the presence of tinnitus, instability, including occasional or recurrent true spinning vertigo, and lightheadedness was recorded together with the time for which every symptom had been suffered. All patients at each visit were subjected to Romberg's test, which was considered pathological when, within 60 s, patients with their eyes closed could not maintain an upright position or increased the distance between their feet or arms, or opened their eyes. Patients with tinnitus filled in the Tinnitus Handicap Inventory (THI), which measures the impact of tinnitus on the patient's daily life and is used to assess the result of treatments. The test is made up of three scales: functional (12 questions), emotional (8 questions) and catastrophic (5 questions), which concern physical functioning, the psychological impact, despair and loss of control. The total score ranges from 0 (no problem) to 100 (maximum impact on quality of life). Patients with vertigo or instability filled in the validated Italian version of the Dizziness Handicap Inventory (DHI), which measures the impact of vertigo on the patient's quality of life. The test consists of 25 questions summed up on three scales: functional (9 questions), emotional (9 questions) and physical (7 questions) . Finally, at each visit, the subjective perception of the gravity of the symptoms was assessed. Tinnitus, vertigo and instability were classified into four categories: 'None', 'Mild', 'Moderate' and 'Severe'. The assessment was made both by the doctor and by the patient with a view to comparing any improvement, worsening or lack of a clinical change without the patient's emotional state interfering with the overall assessment. The results were analysed using the statistics software SPSS version 19.0. To describe the categorical data, the frequencies were calculated, while for the continuous variables, the means and standard deviations were calculated. The differences between categorical data were calculated using the chi-square test and for the continuous variables using Student's t-test. The variations in the continuous variables between visits were determined using the paired-sample t-test. The statistical tests were considered to be significant if less than 0.05.
Results
The study was conducted on 873 patients coming from 40 laboratories in 12 regions of Italy. A total of 761 patients came to the second visit, data were collected at the third visit on 682 patients, and the study was completed at the fourth visit attended by 671 patients. Of the patients who failed to complete the study, 124 were lost to follow-up, 28 discontinued it due to inefficacy of the treatment, 19 due to the cost of the drug, 6 due to side effects and 25 for other reasons. The average age of the total population at the initial visit was 57.6 years, and the proportion of men and women was similar (48.8% and 51.2%, respectively). The risk factor reported most frequently was hypertension (48.8%), followed by smoking (36.4%) and dyslipidaemia (25.2%). Familial migraine diathesis was reported by 9.6% of the patients. In the 671 patients who came to the final visit, the proportions of the variables were very similar, except for their level of education, which was slightly higher. At the initial visit, 363 patients reported tinnitus, 36 vertigo, 96 instability as isolated symptoms, while the other patients reported various combinations of these symptoms. In most cases, the onset of tinnitus had occurred during the previous 6 months, while instability had occurred during the previous month. The result of the treatment, assessed by the patient and the doctor, showed that 48.4% of the patients reported an improvement at visit 2, 65.8% at visit 3 and 80.0% at the final visit after 90 days. The percentages were very similar in the doctors' assessments, that is, 50.1%, 68.6% and 84.0%, respectively. For vertigo, at the final visit, 100% of the patients reported an improvement, as did 91% of patients with vertigo associated with instability. Lower percentages of improvement were reported by patients with tinnitus both alone and in combination with vertigo (67.7% and 70%, respectively). The severity of the vertigo and instability improved significantly in the follow-up as it did for tinnitus, for which the improvement was, however, less marked. In fact, at the end of the study, while patients with severe vertigo and instability reported that the symptoms had disappeared altogether, 3.9% of the patients with tinnitus continued to assess them as severe at the last visit. In addition, over 2.2% of the patients with vertigo and 3.8% of patients with instability assessed their disease as moderate. As far as the duration of the symptoms is concerned, according to the patients' assessment, 87.5% of patients with tinnitus for 1 month or less, 79.8% of those with tinnitus for 2-3 months, 71.3% for 4-5 months and 67.7% for 6 months (P = 0.021) had improved. For vertigo, 96.0% of the patients who had been suffering from it for 1 month or less reported an improvement, compared to 86.1% of those who had been suffering from it for 6 months or more (P = 0.039). For instability, the proportion of patients reporting an improvement varied from 93.3% to 79.3% for symptoms with a duration of 1 month or less compared to 6 months (P = 0.093).
No significant relationship was observed between the presence of risk factors and the result of the treatment, except for limited physical activity. With regard to the audiometry, the values improved significantly from the initial visit to the final visit for all frequencies measured. For the tinnitus hearing test, the mean threshold for the right ear dropped on average from 38.4 (standard deviation (SD), 24.1) to 35.1 dB (SD, 24.3; P < 0.001) and for the left ear from 40.9 (SD, 24.7) to 37.3 (23.5; P = 0.001). As far as Romberg's test is concerned, at the initial visit, the test was negative in 36.4% of cases, while 21.5% opened their eyes, 30.8% moved their feet apart and 11.2% raised their arms. At the final visit, these percentages changed to 90.4%, 5.2%, 3.5% and 0.9%, respectively, thus showing a highly significant improvement (P < 0.001; Figure 1) . Figure 2 shows the trend of the average values of the three scales of the THI at the various visits. A gradual reduction of the average values is observed, with significant differences (P < 0.001) between the first and fourth visit in all cases. Similar results were observed in the trend of mean values of the three scales of the DHI (Figure 3) . Also in this case, the average scores dropped significantly between the first and last visits (P < 0.001).
Discussion and conclusion
Peripheral vertigo and tinnitus are easy to diagnose, but their origin is often difficult to recognize and this leads to excessive use of diagnostic instruments or the use of inappropriate treatment. Previous studies with subjective data and with short follow-up have revealed that mesoglycan is more effective than flunarizine in reducing the prevalence, the frequency and the intensity of tinnitus. [10] [11] [12] The purpose of our study was to establish with objective data and with longer follow-up, whether, in patients with vascular risk factors, the treatment with mesoglycan improves tinnitus, vertigo and/or instability. The mesoglycan improves the microcirculatory haemodynamic and oxygen diffusion 13 with direct effect on vestibular receptor producing improvement of the vertigo and instability. We found that mesoglycan improves significantly and inversely proportional to the times of onset of both tinnitus and instability. Probably if the onset of tinnitus is more recent, there is no sufficient time to consolidate in the amygdala-hippocampus circuit and therefore, if the mesoglycan is used at an early stage in the case of cochlear ischaemia, can reduce or even prevent the chronicization of the symptom, simply by increasing the cochlear blood flow. The pure tone audiometry and Romberg's test at 90 days had improved both significantly. This suggests that the mesoglycan restores the microcirculation with a direct effect on the functionality of the cochlear receptor. The THI and DHI showed a gradual and significant improvement in symptoms during the treatment objectively, demonstrating the usefulness of treatment with mesoglycan in controlling tinnitus and instability. We can state that in patients with vascular risk factors suffering from tinnitus, vertigo and instability, the treatment with mesoglycan, irrespective of the type of vascular risk factor, is not only well tolerated but also significantly and objectively improves the cochleovestibular symptoms and the quality of life of patients. 
